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01 Layout&Manufacture
CHAPTER Sturcture

 Differential Via Structure
« Skew occur compensation position

A * 45 angle or Arc bend

« Compensation and Straight Line
« Backdrill Precision




Differential Signal and GND Structure
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Differential Signal and GND Structure

Terminal S Parameter Plot 1 HFSSDesign1 4
-20.00
m5
1 m2
-40.00 1 me
| m7
-60.00 —
1
| Na’:e 31)::1:-0 -37:1397 Curve Info
m . . — dB(St{Diff1,C )]
5 |12.8900 |-28.1762 WizardSetu) P : WizardSwee P
8900 |-44 3862
12.8900 |-57.9084 —— dB(St(Diff1,Comm2])_1
Imported
Blue:4Via30-30-30asymmetric 8 | 12:8900 | 688981
Purple:3via 30-30-30 asymmetric —— dB{3t(Diff1 Comm2))_2
Imported
ed:30-30-30 symmetri [
en-40-30-40 symmetri —— dB(SH(Diff1, Comm2))_3
Imported




Y1

TDR and skew
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Line Skew Compensation

LQ0m m Mode Conversion (Parametric Study)

—L=10mil R

— L=100mil

—.=300mil % : :

L=400mil
—L=1000mil 5 i : : :

Made Conversion (SCD21) (dB)

0 | 5 10 15 20 25 30 35 40
Freq (GHz)




SDD21 (dB)

Arc and 45 degree bend

Differential insertion loss

Horizon: 100mil
Vertical: 100mil

Radius: 30mil

Inner Line and Outer Line
difference equal to16mil

Differential phase delay skew

Differential to common mode conversion
T T T T T

Sugon

¢ 0 32 . .
‘ : —Arc
: —45-degree bends
072 Aok 315k e
—
04 %_20_ R o N S SRS SR SRUR E 31k E
& 3 : :
0.8 S a0l & 305 : :
) & - w
08 40k e Al
—Arc —Arc -_____\__;
] —45-degree bends : ‘ : ; : - : ‘ ; ; X —45-degree hends : :
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Length Compensation Struction

DIMM Memory Routing

[

ML MHOSS  FLMLT 15

MEL K NTinch, EPLEiE BIR EZ; Stripline Self-Spacingis 6H; F£/Z=/N7H, [H]
PR 2 20mil




Result

200.000 mv/ T 1 2 200.000 mv/ T 1 2

1000.000 Mz
| Tz 1000.000 M2
| s 3712
800.000 ! il
| 800.000 o
| ;
600.000 ! |
| 600.000 o
| 11X 13ns ‘
400.000 ! 1v 714 mv : } 1% 114ns
| skewrizam1n) =521 1y 8718 mv Lo ] = D
2 138ns C 1 Skew(T12,3T12) = 84.41 ps e
200.000 l 2 87.19 mv | 2% 1.22ns
2 14228 mv 200.000 r 2v 98.98 mv'
¥ 2 156 mV
0.000 Stripline ~GH-self-spacing 7inct il
P L 0.000 O
-200.000 il
-200.000 : - - - —
;\ MictoStrip 20mil 7H self-spacing 7inch
-400.000 -400.000 0
-600.000 -600.000 : ‘
~800.000 -800.000 : ‘
-1000.000 T :

0.00 ns(Step 1.30 ps) 053 ns/ 530ns 0.00 ns(Step 1.13 ps) 0.48 ns/ 4.80 ns




Differential Via Backdrill Precision

P/N Stub:12mil P Stub:12mil
N Stub:2mil




BackDrill difference Mode Conversion

Terminal S Parameter Plot 3 HFSSDesign1 4
-20.00
m1
7
-40.00 —
60.00 | s
] kv Curve Info
—— dB(St{Difft Comm2))
b ‘WizardSetup : WizardSweep
T -80.00 — Mame x ¥ CHANGE="15mil’
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Connector P and N Skew

PCB1

Differential Pair

Intra-Pair Skew® (pS)

AB3 2
AB4 3
CD3 1
CD4 1
EF3 3
EF4 -4
GH3 -4
GH4 3

Connector

PCB2

How to ensure PCB1 and

PCB2 Skew nearly to zero?




200.000 mv! T’I 2

Cable Scd21 i
T
|
800.000 i Skew(T1ZT34) = 728 ps
|
500 000 i
‘ 1X
400.000 ! e
‘ 1Y
‘ 2%
200.000 f 2
Y
0.000 ‘
200 000 }
-400.000
-600.000
-800.000 }
-1000.000 ‘
Figure 97 shows the passive TxRx connection |Sppgsl, [Scp2zl. [Seo24l. and NEXT limits defined in table 26. — 000ns(Step1076ps) 2 2151ns___
S-parameter 10.000 d/
s SCD21
50.000
0dB
40.000
Dl 30.000
| |Sopz:| 4 I
-10dB L / p— 20.000
/ . 10.000
ISCDZZI
-15dB [Sexrh]
1 0.000
-2048 T -10.000
20,000
-25d8
T s e i N
Maximum NEXT -30.000 m— o Mﬂﬂ
-30dB | — J"'J/’ \\ /N_/ gt HJM
0.1 GHz 1 GHz 3 GHz 6 GHz 10 GHz -40.000 \W\ \i‘lyfwﬁv\(
Note: graph is not to scale [ WH‘% (‘J \H

Figure 97 — Passive TxRx tion |Sppzal, [Scnzal, [Scoz1l, and NEXT limits FRETD

10.00 WHz(Step 10.00 MHz) 1988.00 MHz/ 20.00 GHz__




02 Skew

CHAPTER Simulation&Mathematic

e Simulation for Time Domain
« Simulation in time domain eye diagram

A « Mathematic Formula




Skew Definition

B "Differential skew" refers to the time difference between the two
single-ended signals in a differential pair.

—w

W1 and V2 [No Skow) —"" W1 and V3 [With Skow)
§ — &
2 b -
Time T4
WVdliff = %1 - —vdirr Wil = Vi - W2 — Wil

T Time

/

Veommon = [V1#V2Z)2 | Veommeon = [V1#V2y2 |——\eommen |
B =
=} - =
§ iy Sy
= —»s - -
Tirne | Tirne




Skew impact on FD

]

= f_—'*{:‘l = I— 5
Lirm33 R Balun4Port . ML2CTL © 7=425 Ohm _  BalunaPoit.. ;::;ﬁﬂ
=85 0hm B oMl cLin2 - : Delay=5 psec_ _CMP6 s
- L bt Subst="Subst1" . B
= Length=101in =
W=4.1 mil 1
= S=36mil’ =
: Layer=2
RLGC_File=
ReuseRLGC=no
W_File=
d + ] 1 | | B N
~Term Spaten : - TLIND o tu
DAL o 5 | Pl npa I . .
Num=s - Jeriglundton ' ML2CTL: C 22 7 BalundPort
7=85-Ohm - Terfig 8 CLin3 - . - Delay=10 psec_ CMPT .
Num=23 . Subst="Subst1"
Z=25 Ohm Length=10 in

W=4.1mil
8=3.6 mil
- Layer=2 -
. RLGC_File= :
- ReuseRLGGC=np
W_File=

1 Tem

Temd -
Num=4 -
Z=85 Ohm -

Tem
Temé
Num=6
£=85 Ohm

Ops
5ps
10ps
20ps
30ps
40ps

Length
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. M6G




Sdd21 Insertion loss

m3
freq=8.000GHz

ADS

dB(S(1,2)=-12.872 | 5(1,2) Ops skew
dB(S(3,4))=-12.940 | 5(3,4) 5ps skew
dB(S(5,6))=-13.149 | 5(5,6) 10ps skew
.[dB(S(7,8))=-14.019 | §(7,8) 20ps skew
¥ [dB(S(9,10))=-15.615 | 5(9,10) 30ps skew
dB(S(11,12))=-18.285| S(11,12) 40ps skew
AEooan m1
A S freq=14.00GHz
FRIBBD dB(S(1,2))=-19.322 S(1,2) Ops skew
§0 3888 100+ —1 — Tt dB(S(3,4))=-19.534 S(3,4) 5ps skew
= 1 dB(S(5,6))=-20.192 S(5,6) 10ps skew
gl 1 || || A N N N I N N dB(S(7,8))=-23.231 S(7,8) 20ps skew
dB(S(9,10))=-31.398 | S(9,10) 30ps skew
11,12) 40ps skew

i dB(S(11,12))=-33.858] S(

-140—

-160— v
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Scd21 Diff to Comm

rr% m15
: 443 freq=7 620GHz

&2&8{21;3)):—30.895 5ps skew

m14
freq=7 .460GHz
dB(5(22,5))=-24.939] 10ps skew

| Max
: §§§ 7 ?e1q3:6.9ESUGHz
GrEEE dB(S(19,7))=-19.156] 20PS Skew
5 5Eg o Max
o mi2

freq=6.490GHz
i dB(S(17,9))=-15.976| 30ps skew

140 — Wax
155__ mii
) freq=5.670GHz
7 dB(S(15,11))=-13.879 40ps skew
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Resoance Frequency

i m10
20| Scd21 |[freq=33.33GHz 30ps skew
: dB(S(17.9))=-108.311
0 Scd21 [en-25 00GHZ 40ps skew
1 dB(S(15,11))=-164 604
£0—
i ma
—m Sdd21 |[freq=166/GHz 30ps skew
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%gg 7100—_ m?
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AMI Eye

EyeDiff Probe -
EyeDiff Probet

* Eye Probe
7 ] i
T*@ TLIND
- S O e I B
BAME. . MiZenLc 225 0em Rx AMI
Tx AMI1’ CLin2 St Rx_AMI1
" IbisFile="C2018'201811 25\icx- 5p—|b|5-am| -5i- 594949 revl} ?E‘ibuﬁer‘ucx serdes rev[]'p?&ithh#t— "Subst1” i " IbisFile="C:A2018\2013 112 5hicx-5p-ibis
- ComponentName="lcelake-3P"- - Length=15in - - ComponentName="lcelake-3P"
- PinName="BW5" sy SR e = il - PinName="BD2"
. Mode/Name="icx gendphy tx pERE s e e e aamil . ModelName="icx gendphy rx_pcie”
SetAllData=yes Layer=2 SetAllData=yes
: DataTypeSelet:lor—Typ AR e e e : DataTypeSeIector—Typ
"UsePkg=yes = o o ReuseRLGC=ne 'UsePhg—yes C
- BitRate=25 Gbps S e e e e WY Files - :

%UI 0.125Ul 0.25Ul 0.5Ul 0.75Ul




Eye Diagram
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Skew Formula

1 — 3

S13 — 514 — 523 + 554

S —
ddl2 2

|S131e7%12 + |S,4|e7%2 — |S;4]e %24 — |S,5]e7%

Sddiz = 2

\FE} ;. - : Xl -~ :
5 s En v 91913 + 91924 b e 91514 4 91'923
aarz =~ )5 )

|IL]|

Sid12 = T(ngIB 4 gfﬂzq-)

0,3 = B+§and 6,, =0 —%.

AGY
S4d12 = |IL|cos (7) e’

dez 1=l l Ll*ccs(ﬁftskew)

SClezllLl*Sin(nftskew)

500
5dd21,.(f) = n (ps)
skew
1000
Scd21,.(f) = (ps)
skew




03 Fiber Weave
CHAPTER

» Warp and fill

A « How to measure Skew

« Case Share




Fiber Weave

Bundle
P  width 8P
_:'."_*. .q:-\ -
n 1 1 ]
Wi-\l{ Bundle
0 \ = T“thlckness
J ! [ !{ dle pitch g /
Glass yarn Resin Bundle pitch/
Glass weave Glass yarn
Glass Bundle pitch
Standard 1080 Glass
. . : . 4
Glass and resin Dk different Propagation Velocity : v = (m/s)

&

i




Wrap &Fill

Trace follows !

Trace follows
window area
( resin rich)

glass bundle |

( resin poor)

Wrap /grain direction

Weft /fill direction

ol AL 1
P E R R R RN
R LR R R R RN
R R L R R RN E
L L L LN Rl ]

<

25| | 322
= i
s5d 28
8 2a LB
g8 o =
Fo— = —




Different Speed Glass Type

#1501/#1506

Style |
T O IR : ig't
Bi.llll RER b ‘}I-H A “ “ﬂl'rl.!.".

- il LAY '.;}‘.‘;}':‘Q alle B '
3 T AR “'"-;il ”'"
= Glass Fabric peppepegupupet A SR N EN 5§ AN r
uy z =
= T e 56x56 60x47 60X56 60x62 60x64 60X58 46x45 52%52 44x32
£ _ {HIIfWrap}
SN Rt T;ﬁ::fﬂ i Rl 15 2.5 2.9 3.2 3.2 3.8 5.6 45 6.8

Dypcatiiomnal s vkt 2-3 35.4 e 4055 | 4055 5.0-6 6579 5-6 7.7-9.0

Iply (glass + rasin) mils
Style

o I‘l Ip‘t
o Glass Fabric i 1 L 1 -
E Fabric Count / inch IS Spread GlaSS can tota”y
e (Fill / Wrap) 70%73 66X68 0x70 54%54 50x60 | Kew?
2 | Nominal Thickness of glass SOIVE SKEW ¢
= (mils) 1.2 1.2 1.3 1.7 3

Typical Nominal Thickness

1ply {glass + resin) mils  [2-2.5 2-2.5 2.0-2.5 2.8-4.1f 3-3.8




Fiber Character

1035 15.2 9.0-9.5 5.7-6.2 14.7 14.2-14.7 0-0.5
1067 14.3 9.2-9.5 4.8-5.1 14.3 13.8-14.4 0-0.5
1078 18.5 12.3-12.8 5.7-6.2 18.5 18.0-18.5 0-0.5
3313 16.4 12.0-12.5 4.2-4.7 16.1 13.7-14.2 1.9-24
2116 16.7 13.2-13.7 3.0-3.5 17.2 15.1-15.5 1.7-2.1
1080 16.7 12.0-12.7 4.0-4.7 21.3 14.5-15.2 6.1-6.8
1086 16.7 16.7
Warp Fill Weft




Design Idea to hack the maximum skew in one board

Location of positive trace
Positive 0O 1 2 3 45 6 7 8 .
TACENG L L b bbb 4 Negative
* : ! : ! ! ! , trace
K
- >
P (Glassweave pitch)
Linel 0 1080Warp (16. 71 1080F111 (21, 3)
Line? B0S. 2 0 0 0 0 0
Lines G035, 2 G035, 2 2 o0, 4 ooa. 4 2
Lined B0, 2 1206, 4 4 094, 4 1196. 8 4
Line5s B4, 2 18059, 6 B o094, ¢4 1795, 2 B
Linefk B0, 2 24128 a 098, 4 2593, B a
LineT BOS. 2 3016 10 nog. 4 29952 10
Lined GOE. 2 3619, 2 12 a9n. 4 3590, 4 12
Line9d B4, 2 4222 ¢4 14 o094, ¢4 4188, 8 14
Linell B0, 2 4725, B 16 098, 4 478Y. 2 16
Linell BOS. 2 0428, 8 1.3 nog. 4 b38h. 6 13
LinelZ GOE. 2 GRO5Z 3.3 a9n. 4 o984 20
B01. 2 096, 4




Skew TestBoard

Board Rotate 2,4,6,8,10 degree




SAS 12G BP Channel

First
Version

Second
2 \ersion

12 GND loz 1258
core 4 2ol 21161 420
. . . 13 SIGNAL 1 125
Horizon: 6inch, total 8inch sostsies g Z11655% (1148 Stackup
762843%
|4 GND loz 125




500 By33.06 0.0mV 100.0ps -1.59);
ITTH 80.0mV 100.0ps -1.59
9us -1.589us

Result Compare

Eye Height

Skew

‘AC Common mode

TJ ‘
Spec z70Ps 290 mV £1.5Ps £16Ps £32Ps
Phy4_HDDOO| 75.484ps 367.18mV 572.34fs 3.5978ps | 9.6920ps
Phy4 HDDOO| 75.835ps 383.82mV 552.60fs 3.5664ps | 9.5932ps

£10Ps

2.9302ps

Test

Pattern
=100 mV D10.2
92.640mVv D10.2
29.040mV D10.2

NER LS S Sugon




One Type of 25G Serdes Link

NVLINK

1500

a0

13 loz 1oz H-VLP . .
PP PP(1078(RC75%)X1) 4,01 EM-891 Boa rdSIZe: 1 44X1 6-7|n
14 1/20z 1/20z H-VLP
CORE CORE(1086X1)(rc59%) 3.00 EM-891
15 120z 1120z H-VLP WS e
PP PP(1078(RC73%)X1) 3.74 EM-891 panel size Tt e
16 1/20z 1120z H-VLP 12%34 24" fill direction | >
CORE CORE(1086X1)(rc59%) 3.00 EM-891 — -
17 1120z 11202 H-VLP 1axlo 16" fill direction 5
PP PP(1078(RCT73%)X1) 3.74 EM-891 14x24 24" fill direction 5
[ 18 1120z 1/20z H-VLP 18x16 T, et b o
CORE CORE(1086X1)(rc59%) 3.00 EM-891
19 11202 11202 HVLP 1824 24" fill direction (long axs




Cross-Section

sap shge ____PassifoosEAR fai i (EEEEAD 002FEl |raills CREEER) oooflE] failly (EES
in#E (DR skew {ps) imzE (DE) skew {pz) imzE (DE) skew {pz) jm3f (DB
zi:ﬁz:ﬁ:ﬁiiig:ﬂg :g:: :g 21.76 Ha 21.08 H4 20, 5h H4 26, 0d
gtmg:i:mtﬁtﬂg gg:: gg a0, 73 17.15 25,38 25,67 24, 55 25. 75 21.21
g:mg:g:mtﬁ;:ﬂg :ggg :g 20,8 17.18 28, 28 31,91 29,81 32534 21. 26
zi:ﬁg:ﬁ:ﬁiiﬁ:ﬂg :gi;g: 19689 4.04 J2.71 42,01 J2.87 42,68 19,41
zi:ﬁz:ﬁ:ﬁiiﬁ:ﬂg :g;g g; 18. 62 T.42 18. 82 3. 83 18. 858 i d1.08
gtmg:i:mtﬁg:ﬂg ggg; :; a0, 39 11.08 19,81 14, 71 19,98 13.89 20,07
gtmg:g:mtﬁg:ﬂg :ggg g: 20,43 13,72 19,049 9,21 19,73 o.54 40, 05
g:mg:g:mtﬁ::ﬂg :ggg :; 21,42 21. 568 20, 31 15,82 20, 58 16, 3 22,87




Useful Method to degrade FiberWeave Skew

em wethod lDesaiption

o U1 A~ W N =

Zig-Zag Routing

WorkPanel Rotate

Stackup design

NE-Glass

Diff Pitch same as yarn pitch

WorkPanel design fill direction

Glass

1035
1067
1078

10 degree

For 25G Serdes it's better to rotate 10 degree.

Low window size pp and core

Low yarn Dk

Warp or Fill direction

Low window

15.2
14.3
18.5

ig Core(RTF/RTF) [1¥3313 3. 543 (0. 090)
FF PF(2116)RCA3 13. 083 (0. 332)
FF PF (10800 RCAS
FF PP(2116)RCA3

L4

— S S R




Glass angle resonance consideration

10,000 dB/ sSDD12

50.000 N‘I1 h‘lz sSDD12
H 2:50012
H I 1:5D012
40.000 i
: |
30.000 H i
H | 1:3¢ 1477 GHz
20.000 H ) 1% -8.01 dB
| 10w 779 dB
' | LB -9.43 dB
10.000 2 a0 .82 GHz
' | 27 -18.26 dB
| 20 -20.53 dB
0.000 | 2y -17.37 dB
T —— H
o —— H
e —m———— |
-10.000 H '“““t::.% |
; S
20,000 : i T = —
i b degree and 10 degree compare | \
-30.000 |
—40.000 |
-50.000

10.00 MHz(Step 10.00 MHz) 3955 00 MH=z/ 40.00 GH=z
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